Two experiments were conducted to evaluate the effectiveness of zilpaterol hydrochloride (ZH) to enhance growth performance and carcass char acteristics in calf-fed Holstein steers. In Exp. 1, Hol stein steers (n = 2,311) were fed in a large-pen trial in 2 phases at a commercial feed yard in the desert Southwest. In Exp. 2, a total of 359 steers were fed in a small-pen university study. In Exp. 1 and 2, cattle were implanted with a combination trenbolone acetate-estra diol implant approximately 120 d before slaughter. Cat tle were fed ZH for 0, 20, 30, or 40 d before slaughter at a rate of 8.3 mg/kg (DM basis). A 3-d withdrawal was maintained immediately before slaughter. Cattle within an experiment were fed to a common number of days on feed. During the last 120 d before slaughter, ADG was not enhanced by feeding ZH for 20 d (P = 0.33 in Exp. 1, and P = 0.79 in Exp. 2). Gain-to-feed conver sion was increased by feeding ZH for all durations in Exp. 1 (P < 0.05). Feeding ZH increased HCW by 9.3 (Exp. 2) to 11.6 (Exp. 1) kg at 20 d compared with the control groups. Across both experiments, dressing per cent was increased for all durations of feeding ZH (P < 0.05). Although skeletal maturity score, liver integrity, lean color, fat thickness, and KPH were not affected by feeding ZH for 20 d in either experiment (P ≥ 0.6), LM area was increased for all durations of feeding ZH (P < 0.05). The percentage of carcasses identified as USDA Choice was reduced (P < 0.01) for all durations of feed ing ZH in Exp. 1. This effect was not observed in Exp. 2. Holstein steers clearly respond to the β-agonist ZH, and 20 d of feeding ZH with a 3-d withdrawal signifi cantly increased carcass weights, muscling, and carcass leanness.
INTRODUCTION
Feeding calf-fed Holstein steers has become popular in the desert Southwest area of the United States for several reasons: 1) cattle are widely available, because California alone has approximately 20% of the dairy cow herd in the United States; 2) dairy beef cattle are able to tolerate increased heat and are unable to tol erate cold weather conditions; 3) they have relatively favorable BW gains with desirable feed conversion ef ficiency; 4) they have an increased genetic propensity to marble (Nour et al., 1983) ; and 5) because of the intensive management and early age on feed, the cattle lend themselves to age and source verification, which as a feed additive to improve muscling, feed efficiency conversion, and ADG lends promise to enhancing both growth and muscle characteristics of calf-fed Holstein steers. Previous research indicates that feeding ZH en hances growth, feed conversion efficiency, and muscling (Casey et al., 1997; Plascencia et al., 1999; Vasconcelos et al., 2008) , and to a larger extent than ractopamine (Avendano-Reyes et al., 2006) . The objectives of the current research were to determine the effectiveness of feeding ZH on ADG, feed efficiency conversion, car cass quality, and muscle deposition in calf-fed Holstein steers.
MATERIALS AND METHODS
The California Polytechnic State University Institu tional Animal Care and Use Committee approved pro cedures relating to animal care and use (Exp. 1), and the University of Arizona Institutional Animal Care and Use Committee approved procedures relating to animal care and use (Exp. 2).
Calf-fed Holstein steers were identified and tested in 2 separate feeding facilities in the desert Southwest area of the United States. Experiment 1 was conducted in 2 phases at a large commercial feed yard, whereas Exp. 2 was conducted in small pens at a university feed yard. Both sets of cattle were purchased from commer cial calf-growing operations and were fed diets typical of the region (Table 1 ). All cattle were on feed for a minimum of 220 d before the beginning of the study. Slaughter dates for both studies were based on BW and visual appraisal of cattle finish. The treatments con sisted of 0 (control), 20 (Z20), 30 (Z30), and 40 (Z40) d of feeding ZH, and ZH was administered at the end of the feeding period. All cattle were removed from ZH for 3 d immediately before slaughter, consistent with label requirements for the feed additive. In Exp. 1, cattle in each phase were slaughtered on 2 consecutive days, and phases were slaughtered 2 wk apart. In Exp. 2, cattle in all treatments were slaughtered on 1 d.
Exp. 1
Cattle Management. Approximately 2,400 cattle were identified in 2 phases from 4 different sources (2 sources per phase). From the 2,400 total cattle pur chased, 2,334 were randomly selected within BW class and source to be used in the trial (control = 584, Z20 = 587, Z30 = 582, and Z40 = 581). Cattle not included in the study were removed for obvious health concerns or size nonconformity. The cattle had been on feed for at least 230 d before terminal implant. Cattle had previ ously been vaccinated and dewormed according to the standard protocols of the feed yard. The steers had pre viously been implanted with Synovex S (200 mg of pro gesterone and 20 mg of estradiol benzoate; Fort Dodge Animal Health, Overland Park, KS) approximately 120 d before terminal implant. Two weeks before termi nal implant, all cattle were individually weighed and identified. Cattle were blocked by source and stratified by BW, with extreme heavy and light cattle removed from consideration. Cattle were randomly assigned treatments (control, Z20, Z30, or Z40). At terminal im plant, steers were implanted with Revalor IS (80 mg of trenbolone acetate and 16 mg of estradiol; Intervet/ Schering-Plough Animal Health), assigned a new indi vidual ear tag number, and sorted into predetermined treatment groups. The treatments were randomly as signed to pens. Each treatment consisted of 6 pens per treatment.
Morbidity and mortality were monitored throughout the test phase. Cattle with health or injury concerns were removed from the trial.
Feeding Management. Diets were mixed in a continuous-flow mill (Table 1) . Zilpaterol hydrochloride was added in a liquid supplement containing Ultraferm (monosodium glutamate-process by-product; Westway, Tomball, TX) and urea at 0.8% of the diet (DM ba sis). Cattle were fed twice daily with a commercial feed delivery truck according to feed yard standard operat ing procedures, and daily feed residual was minimal. Feed was offered for ad libitum intake. When cattle were begun on ZH diets, and when they were removed from ZH rations, the bunks were swept clean. Monensin (Rumensin; Elanco Animal Health, Greenfield, IN) was fed when ZH was not in the ration, but monensin was removed from the Z20, Z30, and Z40 groups when ZH was in the diet.
Feed samples for each diet were collected weekly af ter feeding, placed in plastic sample bags, frozen, and sent to SDK Laboratories (Hutchinson, KS) for nutri ent analysis. An additional sample was sent to Intervet Pharmaceutical Laboratories (Lawrence, KS) for ZH analysis.
Cattle were shipped to a commercial processing facil ity in Brawley, California, for slaughter. All treatment cattle were slaughtered at the beginning of the slaugh ter for that day, and each phase was slaughtered over 2 consecutive days. Carcasses were chilled for approxi mately 40 h before grading and collection of carcass characteristic data.
Exp. 2
Cattle Management. A total of 391 Holstein steers were received from a commercial feedlot located 124 km from the University of Arizona feedlot (Tucson). Cattle had previously received vaccines and were dewormed on arrival at the commercial feedlot. All cattle received an initial implant with Synovex S and were reimplanted with Synovex Choice (100 mg of trenbolone acetate and 14 mg of estradiol benzoate; Fort Dodge Animal Health) at 146 and 41 d, respectively, before being shipped to the University of Arizona.
An original fed BW was determined for each animal, and animals were individually identified. On the fol lowing day, animals were sorted into treatment pens based on d-1 BW. Steer BW (d-1) were stratified from heaviest to lightest, with extreme heavy and light BW animals removed from consideration. Of the 391 steers received, 359 steers were used (control = 90, Z20 = 90, Z30 = 90, and Z40 = 89) and blocked by BW. Steers were randomly assigned to pens (40) and blocks (10) such that each treatment × pen × block combination of 9 steers did not differ in BW. Pens were then random ized to treatment. Two steers died during the study. No other adverse health observations occurred during the study.
Feeding Management. A slick bunk approach was used to minimize accumulated feed in the bunk. Dietary information is provided in Table 1 . Steers were fed once daily using a ribbon mixer (Roto-Mix, Dodge City, KS) mounted on flatbed truck with a belt conveyor. Zil paterol hydrochloride was included in a ground corn premix at 1% of the final diet. Control steers received an equal amount of ground corn. Zilpaterol hydrochlo ride premix was added directly to the ribbon mixer. Monensin-tylosin trace mineral premix (University of Arizona) was not included in the diets containing ZH. Samples were composited weekly and a sample was sent to Dairy One (Ithaca, NY) for nutrient analysis. Cattle receiving ZH had a 3-d withdrawal before slaughter.
Cattle were shipped to a commercial beef-processing plant (Tolleson, AZ) for slaughter. Hot carcass weights were obtained immediately, and carcass characteristics were collected after a 48-h chill. Liver abscess scores were assigned according to the method of Brink et al. (1990) .
Carcass Evaluation (Exp. 1 and 2)
After slaughter, carcasses were electrically stimulat ed. Carcasses were initially spray chilled and were then chilled for a total of approximately 40 to 48 h. After chilling, carcasses were ribbed at the 12th rib. Carcasses were evaluated for skeletal and lean maturity, marbling score, and lean color. Fat thickness was measured, and preliminary yield grade was determined. Longissimus muscle area was measured using tracings of chromatog raphy paper impressions scanned with Meatscan Image Analyzer software (AEW Consulting, Lincoln, NE). The USDA quality grades and yield grades (USDA, 1997), as assigned by a USDA grader, were recorded. Separate quality grades were assigned by a trained evaluator, and yield grades were calculated (USDA, 1997). Mar bling score, KPH, and lean and skeletal maturity were assigned by trained evaluators.
Statistical Analysis
Trial data were analyzed as a randomized complete block design using MIXED procedures (SAS Inst. Inc., Cary, NC). Initial BW was tested as a covariate for all statistics of interest using the GLM procedures of SAS. A full-rank covariate model that included treatment and the treatment × initial BW interaction was used to test the linear relationship between initial BW and all statistics of interest. When a linear relationship was present for initial BW as a covariate (P ≤ 0.05), a less than full-rank model testing treatment, initial BW, and the treatment × initial BW interaction was used to test the equality of slopes (Milliken and Johnson, 2002) . Be cause the common-slope model for all statistics of inter est could not be rejected (P > 0.05), the least squares means for all covariate models were adjusted at x = the mean. Pen was the experimental unit for all analy ses. The model statement included treatment, and the random statement included block. Nonparametric bino mial proportion data were analyzed using the GLIM MIX procedure of SAS with the same overall model used for the normally distributed data described above. Preplanned contrasts were used to test 1) the pairwise comparison of 0 vs. 20 d of ZH feeding; 2) 0 vs. the av erage of 20, 30, and 40 d of ZH feeding; 3) the linear ef fects of days fed ZH; and 4) the quadratic effect of days fed ZH. For all statistics of interest, model assumptions were tested to ensure variance components were ana lyzed appropriately. Heteroscedasticity was tested with a null model likelihood ratio test by treating all vari ance components as fixed effects and identifying treat ment with the repeated or group option of the MIXED procedure. For cases of heteroscedasticity (P < 0.15), the largest SE value is reported. Univariate procedures were used to test the normality of model residuals by The linear relationship between initial BW and all statistics was tested to determine the need for covariate model analyses. Designates that initial BW was used as a covariate for model analysis and to adjust the least squares means. using a Shapiro-Wilks test. In cases of nonnormal dis tributions (P < 0.15), the data were rank transformed, analyzed by the same model as for nontransformed data, and compared against the original data to determine the most conservative probability values. Nonadditiv ity was tested by including a "predicted × predicted" term in the model statement of an additional mixed model in which all variance components were treated as fixed effects. For cases of nonadditivity (P < 0.15), the original data points were transformed with log and exponent transformations to alleviate nonadditive vari ance components and were then reanalyzed with the original model statement.
RESULTS

Performance
Exp. 1. Performance data are presented in Table 2 . Final BW was increased by feeding ZH vs. the control in Exp. 1 (P < 0.05), but were not increased with 20 d of ZH (P = 0.27). Likewise, ADG was increased by feeding ZH in Exp. 1 (P < 0.05). Both BW and ADG were increased in a linear fashion with respect to days on ZH (P < 0.01). Dry matter intake was decreased by feeding ZH in Exp. 1 (P < 0.05). The G:F was in creased by feeding ZH (P < 0.05).
Exp. 2. Performance data for Exp. 2 are presented in Table 3 . Final BW was not increased by feeding ZH (P = 0.36). The ADG did not differ between ZH-fed cattle and control cattle in Exp. 2 (P > 0.29). Neither DMI nor G:F was influenced by feeding ZH for 20 d (P ≥ 0.18). However, feeding ZH in general tended to improve G:F (P = 0.05).
Carcass Characteristics
Exp. 1. Hot carcass weight was increased (P < 0.05) by 11.6 kg by feeding ZH for 20 d (Table 4 ). This in crease in HCW resulted in an approximate increase of 1.5 percentage units in dressing percent after feeding ZH for 20 d (P < 0.05). The distribution of carcasses into different HCW categories was shifted to heavier carcasses by feeding ZH. The percentage of lightweight (<363 kg) carcasses was reduced by feeding ZH (P < 0.05; Table 5 ). Feeding ZH did increase (P < 0.05) the percentage of heavy carcasses (>408 kg) in a linear fashion (P < 0.04).
Carcass muscle conformation was improved by feed ing ZH. Feeding ZH increased LM area (P < 0.05). Al- Animals that died (n = 2) were excluded from all calculations. The cattle were on feed for 52 d.
2
The linear relationship between initial BW and all statistics was tested to determine the need for covariate model analyses. Pooled SEM; n = 6 pens/treatment, with 81 to 100 steers/pen. In cases of heteroscedasticity, the largest SEM is reported. Designates that initial BW was used as a covariate for model analysis and to adjust the least squares means.
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Scores: 300 = Slight; 400 = Small; 500 = Modest. 6 Scale of 1 to 9, with 1 = light pink, and 9 = dark maroon; normal cherry red beef color = 5. Scores: 0 to 99 = A maturity; 100 to 199 = B maturity; >200 = C maturity. The P-values for the distribution of condemned livers (includes A−, A, and A+ abscesses; flukes; telangiectasias; and any other reason for condemnation) would be identical to those for noncondemned livers. Includes A−, A, and A+ abscesses. though feeding ZH in general reduced HCW/LM area Marbling score was significantly reduced by feeding (P < 0.05), this response was not detected by feeding ZH in general (P < 0.05), but the trend was not linear ZH for 20 d (P = 0.10). Percentage of carcasses with a with increased days on ZH (P = 0.33). Feeding ZH for small LM area (<71 cm 2 ) was reduced by feeding ZH 20 d tended (P = 0.06) to reduce the marbling score. (Table 6 ). Likewise, percentage of carcasses with a large
The effect of the reduced marbling score was reflected LM area (>96.8 cm 2 ) was increased in a linear fashion in the decreased distribution of carcass quality grades as the duration of ZH feeding was increased (P < 0.05).
( Table 7) and USDA stamped carcass quality grades Color score was not influenced by feeding ZH for 20 (Table 8) . d (P = 0.28), but feeding ZH in general significantly
The USDA stamped yield grades 1 and 2 were indarkened meat color (P < 0.05). Lean maturity score, creased, and yield grades 3 and 4 were reduced by feedskeletal maturity score, KPH fat, and liver score were ing ZH (P < 0.05; Table 9 ). Feeding ZH for 20 d did not influenced by feeding ZH (P ≥ 0.18).
not affect the percentage of carcasses with yield grade 4 (P = 0.11). Feeding ZH across all durations increased the percentage of carcasses with calculated yield grades less than 2.5, and decreased the percentage of carcasses with calculated yield grades greater than 3 (P < 0.05; Table 10 ).
Exp. 2. Hot carcass weight and dressing percent were increased by all durations of feeding ZH (P < 0.05; Table 11 ). Similar to Exp. 1, the percentage of lightweight carcasses (<363 kg; Table 5 ) was reduced by feeding ZH, although this trend was not linear. The percentage of heavy carcasses (>408 kg) was not influ enced by feeding ZH (P = 0.67).
Muscling was increased by feeding ZH. The LM area was enhanced, and HCW/LM area was reduced by feeding ZH in general, and for 20 d (P < 0.05; Table  11 ). Color score, KPH, and liver score were not affected by feeding ZH (P ≥ 0.37). Fat thickness was not influ enced by feeding ZH for 20 d, but feeding ZH over all durations decreased fat thickness (P < 0.05). Unlike in Exp. 1, lean maturity and overall maturity score were increased (P < 0.05) by feeding ZH, although skeletal maturity was not affected (P = 0.99).
Marbling score was reduced and marbling distribu tion was affected by feeding ZH over all durations (P < 0.05; Table 11 and Table 12 , respectively), but feeding ZH for 20 d did not reduce marbling (P = 0.15). The reduction in marbling score tended to be linear in na ture across duration of feeding ZH (P = 0.10). Carcass quality grades and USDA stamped quality grades were not significantly reduced by feeding ZH for 20 d (P ≥ 0.14; Tables 7 and 8) .
Percentage of carcasses identified as yield grades 1 and 2 was not influenced by feeding ZH for 20 d (P < 0.05; Table 9 ). Feeding ZH across all durations reduced USDA stamped yield grade 3 carcasses (P < 0.05). Per centage of carcasses with a calculated yield grade of <2 was increased by feeding ZH for all durations. However, feeding ZH did not influence percentage of carcasses with yield grades between 2 and 2.5 and >3 (P < 0.05; Table 11 ).
DISCUSSION
The primary objective of these studies was to de termine the efficacy of feeding ZH to calf-fed Holstein steers. Similar to effects of ractopamine hydrochlo ride in calf-fed Holsteins, ZH increases HCW and LM area. As expected, the anabolic effects of ZH are more pronounced than those of ractopamine hydrochloride (Vogel et al., 2009 ). In addition, ZH increases dress ing percent. Improvements in muscling are slightly less than those observed in beef breeds (Avendano-Reyes et al., 2006) . However, because of the light muscling of Holstein steers, the improvements are more important to total carcass quality. Previous studies with other β-agonists have demonstrated a significant interaction between β-agonist and genotype in other species. Bark et al. (1992) reported an increase in ractopamine re sponse in pigs selected for muscle accretion compared with pigs with a low genetic capacity for muscle accre tion. Further, Eisen et al. (1988) observed a greater growth response to cimaterol in mice selected for rapid growth compared with mice not selected for growth. These studies support the current study in which cattle not selected for muscle accretion or growth (calf-fed Holsteins) did not respond to ZH to the same degree as cattle of traditional beef genetics. However, this is further evidence that β-agonists are effective across divergent genetic backgrounds, but cattle selected for greater growth potential may have larger responses to β-agonists. Further, ZH can be used effectively to enhance muscle conformation in carcasses from cattle that typically demonstrate poor muscling capacity, as demonstrated by the dramatic increase in LM area. Feeding ZH to calf-fed Holstein steers resulted in a slight increase in BW gain but a dramatic increase in HCW, thereby indicating a high efficiency of transfer of weight from BW gain to carcass gain. This has been demonstrated in previous studies with other β-agonists in cattle and in other species. Indeed, the transfer of weight from BW to carcass is more than 100%, indicat ing that some part of the noncarcass components are reduced in weight, and carcass components increased differentially compared with offal, hide, and so forth. Further studies must be conducted to determine which noncarcass components are reduced to the greatest degree to account for the dramatic increase in weight transfer efficiency from BW to HCW.
The β-agonists, and ZH in particular, increase mus cling of the carcass to a larger extent than can be ac counted for by an increase in carcass weight. This was demonstrated by the decrease in HCW/LM area. The increased muscling of the carcass is responsible for an improved yield grade score, and suggests that the imresult of either 1) a dilution effect attributable to the provement in carcass value by using ZH will extend to rapid increase in LM area, consistent with the results fabrication of the carcass as well. Feeding ZH for longer of Duckett et al. (1999) , or 2) a reduction in marbling durations will enhance muscling to a larger extent, and in the muscle. Further research must be conducted to will likewise improve yield grade.
determine the mechanisms responsible for the reducAs observed in previous studies, marbling score is tion in marbling score. Because there is no consistent reduced by feeding ZH. Although calf-fed Holstein effect of ZH on overall carcass maturity, the reduction steers tend to marble very well, the extent of decline in marbling score is responsible for the decline in USDA in marbling score is certainly no worse than, and likely quality grade. It is not yet clear how much longer cattle is not as large as, the reduction in marbling observed must be on feed to offset the 8 to 10% reduction in in beef cattle. The reduction of marbling could be the USDA Prime and Choice quality grades. The linear relationship between initial BW and all statistics was tested to determine the need for covariate model analyses.
2 Pooled SEM; n = 10 pens/treatment, with 9 steers/pen. In cases of heteroscedasticity, the largest SEM is reported. Scores: 300 = Slight; 400 = Small; 500 = Modest.
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Scale of 1 to 9 with 1 = light pink, and 9 = dark maroon; normal cherry red beef color = 5. Scores: 0 to 99 = A maturity; 100 to 199 = B maturity; >200 = C maturity.
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The P-values for the distribution of condemned livers (includes A−, A, and A+ abscesses; flukes; telangiectasias; and any other reason for condemnation) would be identical to those for noncondemned livers. 
Conclusions
Feeding ZH to calf-fed Holstein steers improves BW gain and feed conversion. Zilpaterol hydrochloride ad dresses one of the primary concerns of Holstein steers by dramatically increasing muscling. Although mar bling score is decreased, market conditions may be such that feeding ZH will not result in substantial discounts that are attributable to the decrease in quality grade. Further, yield grades are improved because of the en hanced muscling-to-HCW ratio. Feeding ZH to calf-fed Holstein steers offers benefits to cattle feeders, and those benefits should extend to carcass value because of enhanced muscling and conformation.
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